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Mammals of Papikonda
Keywords: Diversity, mammals, Papikonda National Park. by several large rivers such as the Godavari (1,465km), Krishna (1,400km) and Cauvery (800km) flowing east into the Bay of Bengal (Mani 2012). The Eastern Ghats lansdcape is a treasure trove of biodiversity where several species endemic to the landscape such as the Golden Gecko Calodactyloides aureus (Daniel et al. 1986; Javed et al. 2007 ), the Jeypore Ground Gecko Geckoella jeyporensis (Agarwal et al. 2012) , the Slender Loris (Singh et al. 2000) and the Critically Endangered Jerdon's Courser Rhinoptilus bitorquatus (Jeganathan et al. 2002) have been reported. The northern section of the Eastern Ghats in particular contains extensive stretches of moist deciduous and semi-evergreen forests harboring high biodiversity and several rare species (Javed et al. 2007; Seetharamaraju et al. 2009; Sreekar & Srinivasulu 2010) ; however, there is no published baseline information on the mammal diversity of the northern Eastern Ghats, and there are currently no updated lists of mammals for the landscape.
Mammal populations in tropical forests of South Asia are amidst a global extinction crisis with some of the most serious population declines (Corlett 2013) . Enumerating the mammal diversity of the region would provide baseline information on mammals for the landscape that would help in future monitoring of the population and management of the larger landscape. The conservation measures are critical, as rapid land cover changes across the northern Eastern Ghats are occurring in recent decades through deforestation and infrastructure development resulting in forest conversion. This has a massive impact on habitats, vegetation and plant community structure, associated species, competitors and their prey-predator relationships. Our objective therefore is to build an updated enumeration of the mammalian fauna of Papikonda National Park (PNP), the only national park in the northern Eastern Ghats.
Papikonda National Park has historically experienced varying levels of protection, beginning as a reserved forest in 1882, a wildlife sanctuary in 1978, and as a national park from 2008. The long history of protection and management has afforded PNP with better protection than most of the Eastern Ghats. Consequently, PNP holds some of the last contiguous forests in the landscape and supports a good population of many mammals. We provide the first comprehensive and updated checklist of mammals for the PNP.
Materials and Methods

Study area
Papikonda National Park ( Fig. 1 ) is spread over 1,012km 2 in the East and West Godavari districts of the northern Eastern Ghats of the present Andhra Pradesh state, and is located between 18. 491944-19.181389 N & 79.541111-83 .233333 E. The Godavari River bisects PNP into northern and southern halves with an elevation gradient from 20-850 m at Bison Hill. The river acts as an important biogeographic divider. PNP consists predominantly of southern tropical mixed moist deciduous, along with some semi-evergreen and dry deciduous forest patches (Champion & Seth 1968; Rao 2000; Reddy et al. 2010 ).
Methods
The study was conducted in PNP and its adjoining forests in a five-kilometre buffer from October 2014 to March 2015. The 2014 satellite image (LANDSAT 8 ETM) of the PNP and the northern Eastern Ghats was downloaded from the United States Geological Survey (https://glovis.usgs.gov/). The image was classified into habitat types (moist deciduous forest, dry deciduous forest and scrub forest/grassland) through a supervised classification using GIS software (Fig. 2) . This classified habitat map was overlaid with 2km 2 grids, and sampling grids were selected randomly within each forest type for intensive surveys using a stratified sampling framework, to assess the mammal richness across different habitats in Papikonda. Field surveys involved camera traps and sign surveys (Karanth & Nichols 1998; Buckland et al. 2001; Yoccoz et al. 2001; O'Brien 2008; Tobler et al. 2008; Ahumada et al. 2011) . Five camera traps each were placed in a total of 58 grids, covering different microhabitats in each grid. Cameras were fixed betweeen 50 to 100 cm, with a minimum separation of 300m for three nights (72 hours). We also conducted sign surveys for secondary evidence of mammals through pugmarks, hoofprints, scat, pellets, scrape and rake in these grids. Camera trap images of mammals and direct sightings were identified following Menon (2003) .
We conducted 138 interviews with local community members (belonging to the Konda Reddi and Koya tribes) in 33 villages located in and around the park, as well as 10 interviews with local forest department officials and forest guides. The interview questions were focused on species of mammals encountered around villages, changes in frequency of sightings of animals over the past three decades, hunting and livestock depredation. Common local Telugu names for all mammal species were compiled from discussions during community interviews, following existing literature and field guides.
We carried out a literature review to collect information on mammals of PNP from available literature that included management plans for PNP and the working plans of four territorial divisions covering the buffer forests of the national park, and existing research publications accessed through online sources, and species ranges and their population status on the IUCN Red List of Threatened Species. Habitats in the study area for species enumerated through the literature review were not categorised. 
Results
A total of 118km 2 of forests in PNP was surveyed through 271 camera trap locations resulting in a survey effort of 19,512 trap hours. We recorded 23 species of mammals from 21 genera which were captured in 400 camera trap captures and through sign surveys (Images 1-21) . The literature review and community interviews added 33 more species. Altogether, we enumerated a total of 55 species of mammals from 46 genera belonging to 24 families and nine orders in PNP (Table 1) . Order Carnivora had the highest richness with 14 species, followed by Chiroptera with 13 species and presumably 11 species of Rodentia were recorded from literature surveys and sighting. Family Muridae had the highest mammal richness with eight species.
Discussion
Few earlier studies have been conducted on the mammal diversity occurring in the northern Eastern Ghats). Mammal diversity in PNP includes the Tiger Panthera tigris and the first records of Leopard Cat Prionailurus bengalensis, the Rusty-spotted Cat Prionailurus rubiginosus and the Stripe-necked Mongoose that were reported recently (Aditya & Ganesh 2016; Balaji & Satyanarayana 2016 (Sukumar 1992) . Although the exact factors responsible for the absence of elephants here are unknown, the steep and hilly terrain and high levels of human activity could be a factor (Ganesh et al. 2015) . Further research into historic elephant distribution and population connectivity across eastern India could throw light on the absence of elephants from much of the Eastern Ghats.
Our study indicates that mammal species in the study area are found in well-forested patches, with dry-deciduous habitats in particular supporting the highest species richness particularly of primates and small carnivores (Aditya & Ganesh 2016) . Rapid forest conversion has been occurring around PNP and this has particularly affected the dry deciduous forests spread across lower elevations below 200m, especially along the Godavari River. Several landscape studies have shown that non-volant, terrestrial mammals are highly vulnerable to the effects of forest conversion (Wilcox 1980; Soule & Wilcox 1980; Malcolm 1988; Turner 1996) and therefore the rapid forest conversion ocurring in the northern Eastern Ghats is a major threat to mammal populations in the region. Our community interactions revealed that the primary drivers of this forest conversion were podu cultivation (a form of long fallows shifting cultivation practiced throughout the northern Eastern Ghats), logging for domestic use, overextraction of forest produce, increasing penetration of roads, bamboo cutting and monoculture plantations of timber yielding species. Traditional forms of hunting using bows and arrows, traps and snares practiced by local forest dependent communities such as the Konda Reddis and Koyas, which despite occurring at low intensities, has combined with decreasing forest cover to severely affect the populations of several mammal species in PNP (Ganesh et al. 2015) . Likewise, most roads around Papikonda pass through the low elevation dry deciduous forests, and facilitate easier access to forests for hunting and tree felling, resulting in these forests becoming more fragmented and thereby further affecting mammal populations. The pressure on these low elevation forests around PNP has been exacerbated manifold through the ongoing construction of the Polavaram Project (officially Indira Sagar Multi Purpose Project) across the Godavari in the southeastern portion of the NP, immediately abutting its boundary. When completed, the project will submerge an estimated 3,267ha of dry deciduous forest in PNP and its forested buffers (Gujja et al. 2006; Mohan 2006) . This is expected to further reduce habitat availability and severely affect forest connectivity for mammal movement. Large mammals such as Gaur, Sambar, Four Horned Antelope, Barking Deer and Tiger which mostly occur in moist deciduous forests at higher elevations are also at threat from shifting cultivation and plantations, which cause loss of moist deciduous forests. Mitigating the impacts of shifting cultivation, dams and other development projects in and around PNP, particularly in the easily accessible low elevation dry deciduous forests, would help in conserving mammal populations in PNP. As the forests of the northern Eastern Ghats directly connect to the central Indian forest landscape along the Bastar Plateau of southern Chhattisgarh and the forested regions of the lower Godavari River valley, monitoring wildlife movement between these two landscapes would help in identifying critical wildlife corridors and movement patterns. 
